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Preface 

Geochemistry uses the methods and philosophy of chemistry 
to explore and understand the Earth from the most basic, 
elementary levels, to constrain and comprehend the evolution 
of the planet and life on it. By looking deeper into the Earth's 
constituents and their planetary systems and cycles, scientists 
are able to verify theories on the Earth's formation and, by 
corollary, on the formation of other planets in the universe. 
Because the science of geochemistry involves detailed, intensive 
examinations of pieces of the planet, the subject touches on 
many aspects of other scientific explorations, such as the origin 
of life, environmental contamination and waste management, 
weather anomalies, predicting Earth tremors and volcanoes, 
as well as finding mineral and organic ores. 

Geochemistry has evolved from a nineteenth century aim of 
analyzing the composition of terrestrial materials and ore 
deposits, to a twentieth century triumph of beginning to under­
stand the dynamic processes of the nature of the Earth and 
other 'Earth-like' celestial bodies. 

The Encyclopedia of Geochemistry is designed as a complete 
reference text for the evolving field of geochemistry. Over 200 
top scientists, experts in their fields, have written over 340 
separate topics on different aspects of geochemistry including 
Age-Dating Techniques, Organics, Trace Elements, Isotopes, 
High and Low Temperature Geochemistry and Ore Deposits. 
This reference text covers all aspects of geochemistry, so that 
an expert in one field can look up information in other fields, 
or a student can find general information to initiate a research 
project, or a non-geochemist can investigate a topic that is of 
interest. Each topic has its own reference list, carefully selected 
by an expert in the field, to lead the reader to other articles 
on that topic. The topics are arranged alphabetically and the 
indexes are comprehensive and extensive. Each element has its 
own separate entry. Analytical instruments used to refine geo­
chemical techniques are described. 

The Importance of Geochemistry 

Geochemists study the distribution and localization of elements 
and their isotopes within widely different environments, as well 
as the pathways and processes that lead to their modern or 
ancient migrations. Those processes occur within the atmo­
sphere, hydrosphere, lithosphere, mantle and core, at temper­
atures that range from nearly zero K to > 103 K. In the 
framework of plate tectonics, the late twentieth century Earth 

Science paradigm, geochemistry occupies an essential niche in 
the multidisciplinary studies that have made possible that 
quantum leap in the understanding of science as a whole. 

Anticipating the twenty-first century, Earth scientists face 
urgent demands for understanding, action and cures for long­
term environmental pollution, a truly global problem where 
geochemists will play an ever increasing key role. Another area 
of global concern is that of raw materials and sustainable 
development. Here, too, the geochemists of the future will be 
playing significant parts in the maintenance of a habitable and 
civilized planet. 

Geochemistry has already contributed its greatest gift to 
humankind, its ability to determine so-called 'absolute' dates 
for the events of planetary and Earth history. This gift is of 
inestimable value, both in practical sciences such as petroleum 
geology and in humanity's very philosophy. We can now say 
with a high degree of certainty that we inhabit a planet that 
came into existence at the same time as the Sun (our own 
special star) and all the other planets of the solar system, that 
is, about four and a half billion years ago. We now have good 
evidence that the first life on this planet was in existence by at 
least four billion years ago. And furthermore, from this initial 
event, the beginning of self-reproducing organisms, and 
onwards right up to the present day, there has been no interrup­
tion in the continuity of the thread of both physical and 
biological evolution. Dinosaurs and other creatures have 
become extinct from time to time, but the ancient geochemical 
environments, though gradually changing, have always sur­
vived to permit the continuity of some forms of life. The 
importance of this fact for human philosophy should never be 
forgotten. In spite of doomsday warnings, the 'end' is not 
'nigh'. The Earth and its essential inhabitants have always 
survived. The twenty-first century should nevertheless prove 
interesting. Certainly, it will be challenging. 

The discovery of geochronology by the geochemists has 
made possible also epoch-making discoveries in the kindred 
disciplines of the Earth Sciences. Since early in the twentieth 
century, geomagnetic reversals were known in the Earth's field, 
but with geochronology they are now quantified into a distinc­
tive magnetic chronology of its own (see Benchmark, vol. 54, 
by Kennett, 1980). The science of paleoclimatology was revolu­
tionized when George Kukla determined that the magnetic 
reversals of the Czechoslovakian loess paralleled those of 
China (both continental products) and then with deep-sea 
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deposits, already dated by the geochemists. And then the deep­
sea stratigraphy dating was found to run exactly parallel with 
the calculated incoming solar radiation as determined 80 years 
ago by Martin Milanovitch. This was proved in the fundamen­
tal 'Earth laws', number 1, the principle of solar and planetary 
dependence. Incorporated into Vail's 'EXXON stratigraphy', 
it is now in daily use by petroleum geologists in their worldwide 
search for hydrocarbons. Astronomic cyclicity is now a funda­
mental facet of Earth Sciences. 

Geochemistry's gift of quantitative chronology also provides 
the 'teeth' in studies of rates of change in sedimentology, 
stratigraphy, geomorphology and tectonics. Rates of inflow of 
asteroids provide a basis for Rampino's 'Shiva hypothesis', 
and for the organic extinction theories of paleontologists. The 
'great gifts' seem endless. 

An historical note is appropriate in special appreciation of 
'Chuck' Hutchinson, who saw many of the early encyclopedias 
of this series into the press. Without his constant encourage­
ment they would never have been seen to completion. The 
senior editor (R WF) began his association with the old Van 
Nostrand Company in the early 1960s when it was then located 
in Princeton, NJ. Successive corporate arrangements over the 
years have led to name and style changes among publishers, 
but Hutchinson stayed with the team until the 1980s. Under 

his supervision appeared the first version of the present work, 
entitled The Encyclopedia of Geochemistry and Environmental 
Sciences (1972, 1321 pp). In spite of its monstrous size, it sold 
many thousands of copies worldwide. Our new volume is not 
only totally reworked, but benefits from new space provided 
by trimming off the bulk of the hydrology and environmental 
material, each of which now receives separate volume status. 

Chuck Hutchinson not only saw all the early encyclopedias 
to fruition but (with Milo Dowden) helped create the 
Benchmark Papers in Geology, a series of reviews and reprint 
volumes (mostly of 300-500 pages each) that finally reached 
the astonishing total of90 volumes (1972-1985). Most of these 
are now in the major libraries and provide ready access to the 
classical and often rare papers. Volumes that relate to geochem­
istry include: Marine Evaporites (Kirkland and Evans, 1973), 
Germanium (Weber, 1973), Origin of Life (Kvenvolden, 1974), 
Geochemistry of Water ( Kitano, 1975), Geochemistry of Iron 
(Lepp, 1975), Geochemistry of Boron (Walker, 1975), Sea 
Water: major elements (Drever, 1977), Geochemistry of Bismuth 
(Angino and Long, 1979), Geochemistry of Organic Molecules 
(Kvenvolden, 1980), Dolomitization (Zenger and Massullo, 
1982), and Chemical Hydrogeology (Back and Freeze, 1983). 

Rhodes W. Fairbridge and Clare P. Marshall 



Acknowledgements 

We wish to thank the scientists who took the time and energy 
to review a large portion of the articles in this publication. 
Their keen eyes assured accuracy and clarity in the topics 
reviewed, and often found and deleted redundancy. The 
following people, among others, reviewed articles for this 
volume: William Bourcier, David Clark, Carol Frost, William 
Glassley, J.R. Hulston, Ian Hutcheon, David Janecky, Richard 
Kettler, Ralph Kretz, Mark Kurz, Kenneth R. Ludwig, Brian 
Marshall, Christopher Martens, Brian Mason, William 
McDonough, Scott McLennan, Annemarie Meike, David 
Mittlefehldt, Richard Murray, Mary Neu, Zell Peterman, 
Philip Potts, Roberta Rudnick, Wolfgang Runde, Jeffrey Ryan, 
Peter A. Sabine and C.Drew Tait. 

Advisory Board: Frederick Frey, William Fyfe, Alain Hue, 
John Volkman. 

Enthusiam and editorial support (for CPM): William Casey, 
the late Cesare Emiliani, Scott McLennan, Annemarie Meike, 
Carl Moses. 

General and helpful advice on which topics to include and 
on finding authors for topics has been provided by the 
following scientists: Francis Albarede, Alain Baronnet, 
Fernando Bea, Will Berelson, F. Donald Bloss, Donald Bowes, 
Tom Boyd, Susan Carroll, Patricia Dove, Charles Geiger, 
Roland Hellmann, Ian Hutcheon, Eugene Ilton, Erich 
Konigsberger, Keith Kvenvolden, Devendra La!, Ian Lange, 
Steve Lanker, Brian Marshall, P. Marion, Annemarie Meike, 
William McDonough, Scott McLennan, Christophe Monnin, 
Roger Nielsen, Herbert Palme, Philip Potts, William Shotyk, 
Kathleen Smith, Michele Tuttle, Cornelis van der Weijden, 
Benoit Villemant, Eugene Ulmer, Hatten Yoder, William 
White. 

To the article authors, we want to express our profound 
appreciation and gratitude for their patience and wholehearted 
cooperation. 

We also wish to thank Ian Francis and his associates at the 
former Chapman and Hall, who were constantly helpful. 




